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THE APPLICATION OF A METHOD OF CLUSTER 
ANALYSIS TO THE BALLISTOCARDIOGRAM
CHAPTER I  
INTRODUCTION 
P a tte rn  Recognition
One of the most outstanding a b i l i t i e s  of many b io lo g ic a l orga­
nisms, e sp e c ia lly  man, i s  th a t of perceiving some group of sensations 
as rep resen ting  a s itu a tio n  th a t resembles o ther s itu a tio n s . This ab i­
l i t y ,  whether learned or in s t in c t iv e ,  whereby experiences lead  to  sane 
type of judgement and decision  making to  guide, fu tu re  ac tio n  may be 
c a lled  p a tte rn  recognition . The inform ation going in to  the organism 
through i t s  senses is  of a v a r ie ty  of types as w ell as many small seg­
ments of a s in g le  type. This inform ation i s  then reduced through the 
p ercep tion -recogn ition  process to  a s in g le  "name". I t  may, then , be 
considered a many-to-one mapping process.
The reason fo r  the ex istence of p a tte rn  recogn ition  i s  prob­
ably one of economy eind fo r  e ffec tiv en ess  of ac tio n . The storage w ith­
in  the organism of a facsim ile  of every possib le  s itu a tio n  th a t  could 
a r is e  would, in  the f i r s t  p lace , probably requ ire  f a c i l i t i e s  f a r  in  ex­
cess of what would be p ra c tic a l from the standpoint of m obility  and, 
second, each s itu a tio n  being d if fe re n t in  some respects  would, of course,
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be un like  any o ther and seem u nre la ted  to  any previous experience. Thus 
a perceived bu t unrecognized s itu a tio n  could evoke no action  on the p a rt 
of th e  organism.
An understanding of how the most complex of p a tte rn  recognition  
devices, the human b ra in , does th is  job would be most h e lp fu l in  the 
so lu tio n  of many problems of many types where some c la s s if ic a tio n  scheme 
i s  requ ired . According to  Uhr ( 1964) no coherent psychological theo ries  
have been developed as to  how the percep tion-recognition  process takes 
p lace . Such vague terms as "compare", " idea", " trace" , and "recreate" 
are  o ften  used in  attem pts a t  an explanation of th is  phenomenon. Obvi­
ously a very so p h is tica ted  process i s  involved when one considers only 
scsne simple examples. For in stance , one can e a s ily  recognize a perceived 
form as a  person whether th a t  person i s  male or female, standing or s i t ­
t in g , seen face-on or in  p ro f i le ,  or a m ultitude of o ther possib le  con­
d it io n s .  Not only is  the form recognized as a person but almost in s tan ­
taneously  the  person is  categorized as a s tranger or an acquaintance.
In  l ie u  of exact knowledge of how ch arac te riza tio n  and c la s s i ­
f ic a t io n  take place w ith in  him self or any other organism man has devised 
some techniques to  sim ulate the an a ly s is , reduction , and c la s s if ic a tio n  
of masses of inform ation th a t  have been going on b io lo g ic a lly  fo r  almost 
as long as th ere  has been l i f e .  Without i t  being immediately obvious 
many s t a t i s t i c a l  procedures are attem pts to  sim ulate in  a simple way 
th a t  which was o r ig in a lly  a job of the b io lo g ica l organism. A hypothesis 
te s t in g  procedure whereby one a rriv es  a t  a s t a t i s t i c  th a t  i s  to  be judged 
as e i th e r  " s ig n if ic an t"  or "not s ig n if ic a n t"  a t  seme p ro b ab ility  le v e l 
has th e  e f fe c t  of fo rc ing  a decision  to  be made which w il l  influence
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some fu tu re  course of ac tio n . For example, a random standard normal 
dev ia te  whose absolute value i s  g re a te r  than I.9 6  may under some c i r ­
cumstances be considered as grounds fo r  deciding th a t the objects y ie ld ­
ing the s t a t i s t i c  d id not come from some sp ec ified  hypothesized popula­
tio n  but from some other unspecified  population. Future action  w il l  
then depend on the s itu a tio n  th a t provided the sample in  the f i r s t  place.
A number of d ire c t  a ttack s  upon the c la s s if ic a t io n  problem have 
been made using m u ltiv a ria te  s t a t i s t i c a l  techn iques. One such method
is  the  sub jec t of subsequent chapters of th is  paper. The choice of the
appropriate v a r iâ te s  to  be used i s  one of the most c ru c ia l problems of 
p a tte rn  recognition  according to  Uhr (196!^). Every s t a t i s t i c a l  attem pt 
a t  p a tte rn  recogn ition  i s  a t  le a s t  t a c i t l y  concerned w ith  th is  problem 
since v a r iâ te s  must be chosen in  order to  proceed. Should a p a tte rn  
recognition  scheme f a i l ,  the most immediate and obvious question should 
be th a t concerned w ith whether or not the proper v a riâ te s  were se lec ted .
S ta t i s t i c a l  work in  th is  area has been done by Barnard (1935)
on craniometry and fu rth ered  by F isher (1936, 1938). The r e s u l t  of th is
work was the now w ell known d iscrim inant function  where a l in e a r  func­
tio n  of the  v a riâ te s  i s  devised such th a t  th ere  i s  maximum separation  
between two known groups of o b jec ts . I t  i s  to  be emphasized th a t  the 
group to  which an ob jec t belongs i s  known in  advance. This lin e a r  
function  i s  then used to  re c la s s ify  the objects in to  one of the two 
ca teg o ries. Future observations are a lso  c la s s if ia b le  using the same 
l in e a r  function . Closely re la te d  work using measures of d istance has 
been done by Pearson (1926), Mahalsnobis (1927, 1930) ; and H otelling 
(193I; 1936). Methods of d iscrim ination  involving more than two groups
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are given by Rao (1952) and Anderson (1958) ' These involve separation  
of a multidimensional space in to  regions such th a t  a  p o in t can be 
assigned to  one or more of the groups according to  i t s  lo ca tio n  in  the 
space. One of the requirements of d iscrim inant ana lysis  i s  u su a lly  th a t 
the sangle be drawn from a population having the m u ltiv a ria te  normal den­
s i ty .  At le a s t ,  knowledge of the form of the population d is tr ib u tio n  i s  
d esirab le  in  order to  estim ate the p ro b a b ility  of e rro rs  of c la s s i f ic a ­
tio n .
The c lu ste rin g  problem i s  one where fo r  a given s e t  of o b jec ts , 
each w ith a given s e t  of a t t r ib u te s  or v a r iâ te s  measured on i t ,  the  r e ­
quirement i s  to  f in d  subsets , ca lled  c lu s te rs  or clumps, of the o r ig in a l 
s e t  such th a t  members of a  given subset "look a lik e"  while not looking 
much l ik e  objects outside th a t  subset. The u ltim ate  c r i te r io n  fo r ev a l­
uating  the meaning of some of these terms i s  the value judgement of the 
user of the process. Usually n e ith e r  the number of c lu s te rs  ex is tin g  
w ith in  the s e t of ob jects nor the c lu s te r  to  which a  p a r tic u la r  object 
belongs is  known before the segregation process i s  begun.
Ihe exact po in t of t ra n s i t io n  from discrim inan t function  
analysis  to  c lu s te r  ana lysis  is  ra th e r  obscure in  terms of both sub jec t 
m atter and time. However, the work of H otelling ( 1933) on p rin c ip a l 
component analysis i s  cognate w ith both . The most obvious d ifference 
between the d iscrim ination  problem and the c lu ste rin g  problem i s  th a t 
in  the  former the subgroup to  which an ob ject belongs i s  known before 
the analysis  is  begun while in  the l a t t e r  th is  inform ation i s  not a v a i l­
ab le . Most of the theory  underlying d iscrim inant ana lysis  requ ires th a t 
the sample be drawn from a d ensity  whose form is  known, u su a lly  the
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m u ltiv a ria te  normal d ensity . No such requirement i s  made in  c lu s te r  
ana lysis  though i t  i s  conceivable th a t  such a method could be developed. 
Furthermore, the number of c lu s te rs  w ithin  the whole se t may not be 
known while the knowledge of the number of subgroups is  a  requirement 
of d iscrim inan t an a ly sis . The a b i l i ty  to  assign  an ob ject appearing a t  
seme la te r  time to  a subgroup i s  one of the paramount ob jectives of d is ­
crim inant an a ly s is . This i s  hard ly  a concern of most techniques of 
c lu s te r  an a ly s is . However, both d e f in it io n  of c lu s te rs  and assignment 
of fu tu re  observations were ob jec tives of the in v e s tig a tio n  to  be de­
scribed  la te r  in  th is  paper.
Much of the past work in  the area of c lu s te r  ana lysis  has been 
concerned w ith taxonomic problems in  zoology, botany, paleontology, and 
m icrobiology and w ith  inform ation r e t r ie v a l .  Most ap p lica tio n s  req u ire  
the measurement of pairw ise s im ila r i ty  between o b je c ts . This i s  u su a lly  
determined frcM the combined presence or absence of sev e ra l b inary  a t t r i ­
butes observed on each object or su b jec t. Objects having pairw ise sim i­
l a r i t y  g re a te r  than some sp ec ified  th resho ld  value are  placed in  the 
same c lu s te r .  Ai ob ject th a t  i s  in  more than one c lu s te r  i s  then f in a l ly  
assigned to  th a t  c lu s te r  w ith which i t  has the g re a te s t number of lin k s  
in  terms of matching a t t r ib u te s .  Workers in  th is  a rea  have been Kochen 
( 1955)> Sneath ( l 95T)> Sokal and Michener (1958) , Luhn ( l 959) , Bogers 
and Tanimoto (196O), Baxendale (1961), Needham (1961), Parker-Rhodes 
(1961), Sokal (1961), S t i le s  (1961), Bonner (1962, 1964) , Kochen and 
Wong (1962), Sneath and Sokal (1962), and Sokal and Sneath (1962).
A method of e lu s te rin g  described by inwards and C avalli-S forza 
(1965) has the  advantage th a t b in ary  da ta  and/or measurements on an
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in te rv a l  sca le  may be used. The outccme can a lso  be subjected to  a t e s t  
of s ig n ifican ce  suggested by Barton and David (1962).
The c lu s te rin g  technique devised and applied in  th is  in v e s t i­
g a tion  i s  s im ila r  in  some respects  to  th a t of Rogers and Tanimoto (1960) 
in  th a t both consider the s p a tia l  re la tio n sh ip  of poin ts which rep resen t 
the  o b jec ts . However, the curren t method uses no s im ila r i ty  measure 
per se as th e i r  method does. The aforementioned method of Edwards and 
C av a lli- 8forze (1965) was used fo r  refinem ent in  a l a t t e r  stage of the 
technique to  be s e t  fo r th  in  CHAPTER I I .
The d a ta  to  which the curren t method has been applied  were ob­
ta in ed  from a group of b a llis tocard iog ram s. A h is to ry  and d esc rip tio n  
of b a llis to card io g rap h y  i s  the top ic  of the next sec tion .
The Ballistocardiogram  
The b a llis to card io g rap h , a device fo r  recording the k in e tic  
energy of the  h e a r t ,  blood, and la rg e r blood vesse ls  had i t s  beginning 
when Gordon (1877) demonstrated th a t  motion of the body occurs w ith each 
h ea rt b e a t. His apparatus consisted  of a bed suspended from the c e i l ­
ing by ropes. Lamport ( l 94l )  has reported  th a t  Landois used a  s im ila r , 
b u t v e r t ic a l ,  device in  1880. Henderson (1905) suspended a plank from 
the  ce ilin g  by w ires and allowed i t  to  move only in  a head-foot d ire c ­
tio n . Ihe motion was then magnified by a se rie s  of levers and recorded 
on a smoked drum. I t  was Henderson who suggested the  motion was re la te d  
to  cardiac ou tput. Douglas, e t  a l . , (1913) made use of Henderson's 
" re c o il tab le "  in  the P ik e 's  Peak Expedition to  study the e ffe c t of a l t i ­
tude on card iac output. A study by Heald and Tucker ( 1922) had as i t s
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purpose the measurement of cardiac e ffic ien cy  by recording body motion 
produced by the h e a r t. Doing s im ila r work were Angenheister and Lau 
(1928) and Abramson (1933) « The l a t t e r  devised a  formula w ith which he 
had hoped to  ca lcu la te  the cardiac output per minute. This formula, 
however, was found by S ta rr , e t  ^ . ,  ( 1939) to  be in  e r ro r . I t  was a t  
th is  time th a t the  word "ballistocardiogram " was introduced as the name 
to  be applied to  the trac in g  produced by the apparatus. Since th a t 
time numerous con tribu tions to  the area of b allistocard iog raphy  have 
been made by S ta rr  and h is  colleagues ( l 940, ISkla , 19k lb , 19^3 , 1944a, 
1944b , 1945, 1946a , 1946b , 1946c, 1947, 1948, 1949, 1950a, 1950b ) .  In  
the  meantime, con tribu tions have a lso  been made by Krahl (1947, 1950) 
and by Nickerson and co-workers (1944, 1945, 1947, 1950) . I t  was 
Nickerson who developed the low frequency c r i t i c a l ly  damped b a l l i s to ­
cardiograph th a t  i s  now in  use. He was a t  f i r s t  in te re s te d  in  cardiac 
output stud ies  but l a te r  became in te re s te d  in  the c l in ic a l  im plications 
of ba llis tocard iog raphy .
I t  i s  in  the area of c l in ic a l  in te rp re ta tio n  of the b a l l i s to ­
cardiogram th a t the most in te re s t  and problems l i e  today. lynn (1963) 
has pointed out th a t  the primary reason fo r  the lim ited  usefulness of 
the ballistocard iogram  is  th a t  i t  i s  sub jec t to  m odification by a large 
number of non-pathological fa c to rs . Included among these fa c to rs  are 
such th ings as the  quan tity  and lo ca tio n  of body f a t ,  the degree of 
tension  of the s k e le ta l  muscles, the q u a lity  of the w alls and of the 
suspension of the vessels  in to  which the blood is  e jec ted , and, as w ell, 
the c h a ra c te r is tic s  of the recording device. In  sp ite  of these l im ita ­
tio n s  Harvey (1964) and Scarborough and Baker (1957) have ind icated  th a t
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fu r th e r  developnent of b a llis to card io g rap h y  i s  warranted in  view of 
sev era l considerations. F i r s t ,  i t  i s  a  safe  and r e la t iv e ly  simple pro­
cedure fo r  the  p a tie n t. Second, i t  i s  the  only means now known th a t  
shows any promise of leading to  an evaluation  of o v e ra ll c ircu la to ry  
performance. Third, i t  has been c le a r ly  estab lished , according to  these 
au thors, th a t  the  ba llistocard iog ram  provides the  only ob jective  e v i­
dence of cardiovascular d isease  in  th e  m ajo rity  of p a tie n ts  w ith  a 
h is to ry  of angina p ec to ris  or myocardial in fa rc tio n . Other su b s tan tia ­
tin g  evidence concerning the  former condition  is  provided by Brown, 
e t  ^ . ,  (1950). Fourth, the  ba llistocard iog ram  has provided ob jective 
evidence th a t  r e s t r ic t io n  of d ie ta ry  l ip id  fo r  periods of one year or 
more in  p a tie n ts  w ith coronary a r te ry  d isease  leads to  an improved 
b a llis to ca rd io g rap h ic  wave form.
In  view of the  aforementioned considerations and the present 
lim ited  c l in ic a l  use of the  ballistocard iog ram  i t  i s  c le a r  th a t some 
method or methods need to  be devised to  increase i t s  usefu lness. 
Noordegraaf, e t  ^ . , (1961, I963) and Morse (1963, 1964) have been suc­
c e ssfu l in  reconstruc ting  b a llis to ca rd io g rap h ic  wave forms by s u b s titu ­
tin g  the  values of various p h ysio log ica l and anatom ical parameters in to  
a mathematical model. The assumption was made th a t  i f  a wave form match­
ing th a t  of a  given in d iv id u a l i s  produced by the model then the  in d iv i­
d u a l 's  parameters are the  same as those used in  producing the recon­
s tru c te d  wave. I t  does not seem unreasonable th a t  sev era l combinations 
of parameters might lead to  the  same or s im ila r  wave forms. In  ad d itio n , 
the implementation of th e i r  procedure f i r s t  req u ires  knowledge of such 
inform ation as pulse wave v e lo c ity , average blood p ressu re , and leng th .
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diam eter, w all th ickness, e la s t i c i ty ,  and d is tr ib u tio n  of major portions 
of the l e f t  and r ig h t a r t e r i a l  system. I f  a l l  th is  inform ation were 
known the importance of the ba llistocard iogram  i t s e l f  would su re ly  be 
dim inished. Performance of the ana lysis  i s  a lso  g re a tly  f a c i l i t a te d  
when c e r ta in  analog computing equipment is  av a ilab le . However p rec ise  
and accurate the method may be i t  c e r ta in ly  lacks the f l e x ib i l i t y  neces­
sary  fo r  widespread use due to  the parameters and equipment requ ired .
One of the ob jectives of th is  in v e s tig a tio n  has been to  begin 
a  search fo r  a method of b a llis to ca rd io g ra p h ic  analysis  th a t  has the 
q u a li t ie s  of ease, speed, and o b je c tiv ity .
The sub jec t of CHAPTER I I  w il l  be the  methods of d a ta  c o lle c ­
t io n  and ac q u is itio n  and the s t a t i s t i c a l  methods in v estig a ted  and 
a c tu a lly  used. The re s u l ts  of ap p lica tio n  of the s t a t i s t i c a l  methods 
to  the  d a ta  obtained from the ballistocard iogram s w il l  be the sub jec t 
of CHAPTER H I .  F in a lly , CHAPTER IV w il l  d e a l w ith  the  conclusions 
th a t  can be drawn from th is  in v es tig a tio n  and some possib le  fu tu re  
courses of ac tion  th a t  might be taken concerning s t a t i s t i c a l  ana lysis  
and c la s s if ic a t io n  of ballistocard iog ram s.
CHAPTER I I
COLLECTION AND METHODS OF ANALYSIS OF DATA 
Production of the  Tracings
The Instrument used In the production of the trac in g s  used was 
b u i l t  by Astrospace Laboratories and equipped w ith an a i r  bearing ta b le . 
The subjects la y  q u ie tly  In a supine p o s itio n  on th is  tab le  and were 
asked to  suspend re sp ira tio n  In such a way th a t no force was being used 
to  prevent or encourage e ith e r  In sp ira tio n  or exp ira tion  of a i r  during 
the few seconds th a t  the recording was being made because the e f fe c t  of 
any motion and forces or changes In  re sp ira tio n  have a marked e f fe c t  on 
the form of the tra c in g . The mechanical motion of the tab le  In a head- 
fo o t d ire c tio n  served as the Input to  an accelerom eter whose output was 
the e le c tr ic a l  analog of the acce le ra tio n  of the ta b le . Although r e ­
cords of v e lo c ity  and displacement may be made, th is  Is  seldom done. 
Therefore, the term ballistocard iogram  s h a ll  h e rea fte r  In th is  paper 
mean the acce le ra tio n  ballistocard iogram . The e le c tr ic a l  s ig n a l from 
the accelerom eter was am plified and transformed In to  the mechanical 
motion of the w riting  arm of a Grass polygraph. The paper speed of the 
polygraph was 50 m illim eters per second. In the d ire c tio n  of d e flec tio n  
of the w riting  arm the paper was ca lib ra ted  a t 1 m illim eter In te rv a ls . 
The paper was c a lib ra te d  a t  5 m illim eter In te rv a ls  In the d ire c tio n  of
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motion of the paper. Hie l a t t e r  ca lib ra tio n s  were p rin ted  on the paper 
as arcs of a c irc le  w ith a radius equal to  the length  of the w riting  
arm.
Simultaneously w ith the recording of the ba llistocard iogram  an 
electrocardiogram  was recorded as an a id , i f  necessary, in  recognizing 
the s ig n if ic a n t portions of the b a llis to card io g rap h ic  tra c in g .
Source and S election  of Tracings Used
The trac in g s  used in  th is  in v estig a tio n  were se lec ted  from 
those of subjects who had ballistocard iogram s on f i l e  a t  the U niversity  
of Oklahoma Medical Center. The m ajority  of these subjects are in ­
volved in  a long term p ro je c t of the Neurocardiology Research Center 
whose aim is  to  determine the re la tio n sh ip  of physica l, physio log ical, 
and psychological fa c to rs  to  c e r ta in  aspects of cardiovascular d isease .
This in v estig a tio n  was intended to  be of an exploratory  nature 
and was not intended fo r  estim ation or hypothesis te s t in g . Therefore, 
the se le c tio n  of sub jec ts  was made so as to  provide a group of t r a c ­
ings th a t reasonably represented  a l l  those th a t were av a ilab le .
Usually the l a t e s t  ava ilab le  tra c in g  fo r a sub jec t was used.
One cardiac cycle was se lec ted  fo r  analysis  by an experienced b a l l i s to -  
cardiographer as being ty p ic a l of those recorded on the se lec ted  d a te . 
Although occasionally  more than one cycle per sub jec t was se lec ted , 
e i th e r  fo r  the same or a d if fe re n t d a te , these dup lica tions were not in ­
cluded in  the an a ly s is . Their use w il l  be mentioned la te r .
Portion of the Cycle Selected 
An i l lu s t r a t io n  of the general form of the ballistocard iogram
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fo r  a s ing le  cardiac cycle i s  shown in  Figure 1 w ith the H, I ,  J ,  K, L, 
M, N, and 0 waves in d ica ted . According to  Brown, e t  , ( 1952) the 
record  of each h ea rt beat i s  made up of two groups of waves. The H, I ,  
J ,  and K form the s ig n if ic a n t p o rtio n  while the remainder i s  made up of 
the so -ca lled  " a f te r  waves". The exact physio log ical mechanisms under­
ly ing  each of the major components are  not ye t understood. A b r ie f  ex­
p lan a tio n  from Brown, e t  ^ . , ( 1952) w il l  be given concerning some of 
the  primary sources of the major components.
The H-wave appears to  be a r e s u l t  of the apex th ru s t  of the 
h ea rt th a t  occurs during isom etric  v e n tr ic u la r  co n trac tio n  and/or r ig h t  
au ric u la r  sy s to le . The ac tio n  of the  l e f t  a u r ic le  can be ignored here 
since the  pulmonary veins en te r  l a te r a l ly  and have t r ib u ta r ie s  running 
in  a l l  d ire c tio n s .
The I-wave is  thought to  be a r e s u l t  of the footward component 
of the cardiac re c o il  accompanying the  v e n tr ic u la r  con trac tion .
D eceleration of the blood and/or impulse wave by the a o rtic  
and pulmonic arches and the head p ossib ly  produce the J-wave.
The J-K stroke probably rep resen ts  the  dece le ra tio n  of the 
footward induise wave by the re s is ta n c e  of the a r te r io la r  bed in  the 
le g s .
The examination of a few tra c in g s  should be convincing evidence 
th a t  th e  po in t of onset of the p a tte rn  i s  d i f f i c u l t  to  determine but 
the  H-I stroke i s  u su a lly  q u ite  obvious. Likewise, the l a s t  s ig n i f i ­
cant po in t follow ing the K v a lle y  is  u su a lly  im possible to  determ ine.
For these  reasons the p o rtio n  of the cycle se lec ted  fo r  analysis  was 
th a t  from the H peak to  the  K v a lle y . Since no other p rec ise  way of
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Figure 1 . ïhe  general form of the ballistocard iog ram
Figure 2 . The b a l l i s t o ­
cardiogram fo r  sub jec t 
number
Figure 3* The b a l l i s to ­
cardiogram fo r  sub jec t 
number 100
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determining a base l in e  was ava ilab le  the le v e l of the H peak was 
se lec ted . I f  the H-wave was bi-peaked the e a r l ie s t  peak was se lec ted  
as the beginning of the po rtion  to  be read. There are some obvious d is ­
advantages to  th is  se le c tio n  of a base l in e .  An H-wave of high ampli­
tude would cause the I  and K valleys to  appear unusually depressed and 
the J-wave to  appear unusually narrow and of low amplitude. The lack  
of a b e t te r  base lin e  was not considered a  serious obstacle here be­
cause of the prelim inary nature of th is  in v es tig a tio n .
Obtaining Data from the Tracing
I t  is  possib le to  use the e le c t r ic a l  s ig n a l of the accelero ­
meter of the b a llis tocard iog raph  as the input to  a magnetic tape r e ­
ce iv er. The magnetic tape can then serve as the input to  e lec tro n ic  
computing equipment which can provide extremely d e ta iled  inform ation 
about the ballistocard iogram . This means as a source of d a ta  was not 
used fo r  th ree  reasons. F i r s t ,  th is  in v es tig a tio n  has been of a p re ­
lim inary nature and such d e ta ile d  inform ation was not desired  a t  th is  
tim e. Second, the paper trac in g s  used were immediately and re a d ily  
av a ilab le . Third, there  appeared to  be c e r ta in  tech n ica l obstacles 
such as loca ting  the s ig n if ic a n t p o rtion  of the curve whether i t  be 
in  analog form on the tape or in  d ig i ta l  form w ith in  the computer.
Each of the se lec ted  tra c in g s  was tra n sfe rre d  photographically  
to  a f u l l  s ize  transparency which could then be pro jected  onto a screen. 
The enlargement thus provided made possib le  the reading method to  be 
described. An overlay g rid  transparency was prepared from paper sim i­
la r  to  the  trac in g  paper bu t th a t  i t  was ru led  every m illim eter in  both
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h o rizo n ta l and v e r t ic a l  d ire c tio n s . Since the  tra c in g  curve i t s e l f  was 
about 1 m illim eter in  width a ru le  had to  be adopted so as to  make the 
reading as p rec ise  as possib le  w ith in  the  overlay g r id . This ru le  con­
s is te d  of designating the  lower edge of the curve as the l in e  to  be 
followed in  the reading. The in te rse c tio n s  of the lin e s  of the  g rid  
were designated as the po in ts  j  jj.* The o rig in  was chosen to  be th a t  
in te rse c tio n  nearest the  f i r s t  H peak. This was then designated as 
po in t P, ^ . The ranges and the meanings of the ind ices are  as follow s:
l j U j U
i  = 1, 2 , . . . ;  n rep resen ts  th e  sub jec t id e n tif ic a tio n  number, j  = -30, 
-25, . . . ,  20 rep resen ts  the  le v e l number or the  v e r t ic a l  d istance in  
m il l ime te rs  from the H peak, and k = 0 , 1 , . . . ,  N rep resen ts  the h o r i­
zon ta l d istance in  m illim eters to  the  r ig h t  of the  H peak w ith  the  
po in ts  lying on th a t  v e r t ic a l  g r id  l in e  passing n earest to  the
lowest po in t of th e  K v a lley  on the tra c in g  l in e .  The reason fo r  the 
se le c tio n  of these p a r tic u la r  l im its  on th e  le v e l was th a t  of the  l 86 
ballistocard iogram s read only 3 had J -  and/or K-waves th a t  extended 
outside th is  range.
For each of the  N po in ts on each of th e  11 lev e ls  th ere  was 
defined a corresponding v a riab le  X. . ,, which could take on the  value
1 ,  J ,  •n.-.
0 or 1 depending on whether the po in t was above or below the tra c in g  
l in e  re sp ec tiv e ly . The one exception to  th is  ru le  was th a t  q 0 “ 
fo r a l l  i .
These v ariab les  were then arranged in  an 11 x N b inary  p ro f i le  
m atrix which fo r the i - t h  sub jec t was ca lled  X^. A ty p ic a l  and a no t- 
so -ty p ica l trac in g  are shown on page 13 in  Figures 2 and 3 re sp ec tiv e ly  
w ith th e i r  respective  b inary  p ro f i le  m atrices being in  Tables 1 and 2 .
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TABLE 1
BINARY PROFILE MATRIX FOR SUBJECT 4$
Level
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
5 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0
- 5 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0
-10 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0 0
-15 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 0
-20 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0
-25 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0
-30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TABLE 2
BINARY PROFILE MATRIX FOR SUBJECT 100
Level
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0
0 0 0 0 1 1 1 0 0 0 0 0 1 1 1 0 0 0 1 1 1 0 0
- 5 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0
-10 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
-15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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(Qie j - t h  row vector of was designated X^^j.
The S t a t i s t i c a l  Methods
(transformation of Data
In  order to  make the  m atrices of the various sub jec ts  compar­
ab le  I t  was decided to  perform a transform ation on each X  ̂ such th a t the 
arrangement and proportion of O's and I ' s  In  each row vecto r were main­
ta in ed  and the  number of elements In  each row vecto r was In v arian t w ith 
re sp ec t to  1 . Since the  modal value of the number of columns In  the Xj_ 
was 15 In a prelim inary  group I t  was decided th a t  each standardized b i ­
nary p ro f i le  m atrix  should be of dimension 11 x 15 fo r  a l l  1 .
The component p a r ts  of were designated In  a manner sim ilar 
to  those of Xĵ . The row vectors were denoted by Ŷ  j  and the In d iv i­
dual elements by Following th e  transform ation  the maximum value
fo r  k was l 4 .
The a c tu a l transform ation  was ca rried  out on each X^^j In  a 
manner as fo llow s; Suppose X^  ̂j  = ( l  1 0 0 0 1 1 1 1 1 0 0  O). Then 
^ i , j , k  “ ^ k = 1> 2; I [ ( 2/ l 3 ) • 15] where I  [a] Ind icates the
n ea re st In teg er to  a . Also, = 0 fo r  k = I [ { ( 2/ l 3 ) • 15)] + 1 ,
I [ t ( 2/ 13) • 15)] + 2, I [ { ( 2/ 13) • 15}] + I [ ( ( 3/ 13) • 15}] - 1 ,
I [ { ( 2/ 13) • 15}] + I [ { ( 3/ l 3 ) • 15) ] '  This process was repeated u n t i l  
a l l  15 places In  Ŷ  j  were f i l l e d .
The e f fe c t  of th is  transform ation  was to  "compress" or "s tre tch "  
each curve In to  a uniform time period . Since most of the m atrices had 
a value of N near 15, i t  was f e l t  th a t  few. I f  any, of the  curves would 
be s ig n if ic a n tly  d is to r te d  by th is  transform ation  process u n l e s s  the
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wave form is  g re a tly  a lte re d  by s lig h t  changes in  h ea rt r a te .  Such 
marked changes in  wave form were not thought to  e x is t  in  th is  group of 
su b je c ts .
The standardized b inary  p ro f i le  m atrices fo r  the trac in g s  of 
Figures 2 and 3 are shown resp ec tiv e ly  in  Tables 4 and 5*
P o s s ib i l i t ie s  Considered
The o r ig in a l in te n t in  obtaining the b inary  d a ta  from the t r a c ­
ings was to  in v estig a te  the p o s s ib i l i ty  of using a c lu s te r in g  method 
described by Bonner (1964) in  which a measure of s im ila r i ty  between each 
p a ir  of ob jects i s  determined. Any th resho ld  value w ith in  the range of 
the s im ila r i ty  measure can then  be chosen and a l l  p a irs  of sub jects hav­
ing a  s im ila r i ty  measure equal to  or g re a te r  than the th resho ld  value 
are  judged to  be s im ila r . Those p a irs  w ith a s im ila r i ty  value le ss  
than th e  th resho ld  value are considered not s im ila r . Then a n  sub jects 
th a t are  pairw ise s im ila r form a " tig h t"  c lu s te r .  These c lu s te rs  may 
contain  n o n -d is jo in t subsets of su b jec ts . I t  was hoped th a t  one or a 
few of th e  j  could be used to  assign  the sub jec ts  to  c lu s te rs . This 
approach to  the problem was abandoned fo r  sev era l reasons. F i r s t ,  no 
good c r i te r io n  fo r  se le c tio n  of th resho ld  values was av a ila b le . I t  
was found th a t lower th resho ld  values led  to  the form ation of ju s t  one 
or very few highly  n o n -d is jo in t c lu s te r s .  Higher th resho ld  values pro­
duced many very sm all c lu s te r s .  The change from "lower" to  "higher" 
values was found to  be very abrupt, there  being no value th a t would 
produce a moderate number of moderate s iz e  c lu s te r s . Second, no in tu ­
i t iv e ly  appealing method of c rea tin g  d is jo in t  subse ts , ca lled  "core"
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TABLE h
STAEDAEDIZED BINARY PROFILE MATRIX FOR SUBJECT 1+9 
Level
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0
5 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0
0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0
- 5 1 1 0 0 0 a o .1 1 1 1 1 1 0 0
-10 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0
-15 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0
-20 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0
-25 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0
-30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TABLE 5
STANDARDIZED BINARY PROFILE MATRIX FOR SUBJECT 100 
Level
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0
0 0 0 1 1 0 0 0 1 1 0 0 1 1 0 0
- 5 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1
-10 1 1 1 1 1 1 0 1 1 1 1 1 1 I 1
-15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20  . .  .
c lu s te r s ,  of sub jec ts  from the  t ig h t  c lu s te rs  was immediately av a ilab le . 
Core c lu s te rs  were f e l t  to  be necessary because a large number of sub­
je c ts  appeared in  more than one t ig h t  c lu s te r .  Œhis was not considered 
a d esirab le  s itu a tio n  i f  any s o r t  of d e f in ite  assignment scheme was to  
be developed l a te r  fo r  fu tu re  observations. Third, even i f  the core 
c lu s te rs  had been formed, no scheme fo r c la ss ify in g  a fu tu re  sub jec t 
using the  b inary  da ta  was av a ilab le . And, f in a l ly ,  the amount of time 
requ ired  fo r  find ing  a l l  the t ig h t  c lu s te rs  w ith an e le c tro n ic  computer 
fo r  even a  moderate number of su b jec ts  was in o rd in a te .
The method of Rogers and Tanimoto ( 1960) considers the s p a t ia l  
arrangement of po in ts  in  determining, c lu s te r s .  These authors use b inary
d a ta  to  determine a measure o f . s im ila r i ty  S between ob jects (o r sub-ap
j e c ts )  a  and p. The measure used is  a  r a t io  of the t o t a l  number of 
a t t r ib u te s  common to  both a  and p to  the t o t a l  nuaiber of a t t r ib u te s  
possessed by e ith e r  cu or p. The range on th is  s im ila r i ty  valüe i s  -  
0 Û Sqp â 1. They fu rth e r  define a semimetric space wherein the  d is ­
tance between ob jects a  and p i s  d ^  = -logg S ^ .  For each value of
a  the  qu an tity  H = -Z logo S _ is  computed where the sum in d ica ted  isa  p ^ op
over a l l  values of p. No explanation i s  given fo r  using the base 2
logarithm s or fo r  what to  do i f  S = 0. That value of a  which causesQ5p
^2 to  be a  minimum defines th a t po in t which is  nearest to  the cen tro id  
of the mass of p o in ts . Around th is  p o in t, or prime node, po in ts are 
added one by one in  order of th e i r  d istance  from the prime node to  form 
a c lu s te r  of ob jects th a t  are s im ila r  to  each o th e r. When the v a r i ­
a b i l i ty  w ith in  the group increases markedly w ith  the add ition  of a 
p o in t i t  i s  assumed th a t  th is  po in t belongs to  a new c lu s te r .  This
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method i s  not appealing because i f  there  a c tu a lly  e x is t  two or more close 
or s lig h t ly  overlapping and ye t f a i r ly  d is t in c t  c lu s te rs  then the prime 
node would tend to  be the center of a  group th a t contains objects which
should not be placed in  the same c lu s te r .  In  such a case i t  i s  l ik e ly
th a t  only one c lu s te r  would be found when in  f a c t  th ere  are two or more.
Not finding  a c lu s te rin g  method using b inary  d a ta  th a t had in ­
tu i t iv e  appeal i t  was decided to  perform another transform ation on the
d a ta . The new se t of v a riâ te s
20
Z (i,k )  = 2 Yi j  k (2 .1 )
j=-30
was made fo r  a l l  i  and k. The reason fo r  th is  choice was th a t i t  was 
f e l t  th a t  a  considerable reduction in  the amount of d a ta  could be made 
w hile re ta in in g  a l l  of the contained inform ation since Z (i,k ) i s  
simply a count of the  number of I ' s  in  the k -th  column of Y^. This 
had the  e f fe c t  of se le c tin g  a base lin e  30 m illim eters below the H peak 
and measuring the number of complete 5 m illim eter increments the curve 
lay  above the base l in e  a t  15 equally  spaced po in ts along th is  base 
l in e .  In o ther words, the amplitude of the graphic analog of the 
acce le ra tio n  of the  ta b le  of the ba llisto card io g rap h  was, in  e f fe c t ,  
measured a t  15 equally  spaced po in ts from the H peak to  the  K v a lley .
Ih is  transform ation created the row vector Z '( i )  = [z(i,0), 
Z ( i , l ) ,  . . . ,  Z ( i , l4 ) ] .  Since z(i,0) = 6 fo r a l l  i  th is  was elim inated 
from Z '( i )  forming a l4  element row vector Z (i)  ca lled  the standardized 
p ro f i le  v ec to r. Tables 5 and 6 i l l u s t r a t e  the Z (i)  fo r  those subjects 
whose Ŷ  are shown In Tables 3 and 4 re sp ec tiv e ly .
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TABLE 5
STAEDARDIZED PROFILE VECTOR FOR SUBJECT k9
6 5 3 1 2 4 7 9  10 9 9 7 5 1
TABLE 6
STANDARDIZED PROFILE VECTOR FOR SUBJECT 100
6 7 7 6 5 4 7 8 6 6 7 8 6 6
The C lustering  Method
Each of the  vectors z ( i )  can be thought of as rep resen ting  a
po in t in  Euclidean l4 -space. Among th e  n po in ts the  i ' - t h  and the
i " - th  were found which lay  c lo se s t to g e th er. In o ther words, i '  and
i"  were chosen so as to  minimize
14 -  1
5 ( i ' ,  i " )  = { 2 [Z ( i ',k )  - Z (i" , k ) r ) 2  (2 .2 )
k= l
Then a  cen tro id  po in t or vecto r fo r  the  i ' - t h  and i" - th  po in ts  was 
computed by
1 i"
Z(2) = 2 2 Z (i) = [2 (2 ,1 ), 2 (2 ,2 ) , . . . ,  Z (2 ,l4 )] (2 .3 )
i= i '
The index 2 in d ica tes  mean values fo r  2 p o in ts . The i  "  ' - th  poin t was
chosen from the  remaining n-2 po in ts so as to  cause the d istance
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p i
D ( 2 , l ' ' ' )  = ( Z [ Z ( i ' ' ' ,  k ) - Z (2,k)] (2 .4 )
k=l
to  be a minimum. Following th i s ,  the  d istance
14 p i
d (2 ,3 ) = { Z [Z(2,k) - Z(3,k)]2)2 (2 .5 )
k=l
of cen tro id  s h i f t  w ith the  add ition  of the th ird  po in t was computed 
where
Z(3) = (1 /3 ) Z Z (i) (2 .6 )
i= i '
In  general, fo r  m = 2, 3; . . ,  n-1 the mean vector or cen tro id
i(m)
Z(m) = (l/m ) 2 Z (i)  (2 .? )
i= i '
fo r  the mass of the m most compact po in ts  was computed. The d istance
D(m, i(^^+^)) = [ 2^ [Z(i('^+^), k) - Z (m ,k)]2)i (2 .8 )
k=l
from the cen tro id  found in  (2 .7 ) to  th a t  (m +l)-st po in t n earest to  Z(m)
was then computed. Wien th is  (m +l)-st po in t vas added to  the mass of
p o in ts , the cen tro id  Z(m+l) was coffipiited in  a  manner s im ila r  to  (2 .7 ) •
Then the  d istance the cen tro id  moved by the  add ition  of the nearest
po in t from the n-m remaining po in ts  was computed by
14 2 i
d(m, m fl) = { 2 [Z(m,k) - Z(m+1, k )] (2-9)
k=l
This process was continued u n t i l  the supply of po in ts  was exhausted.
A l i s t  of the  d is tan ces , D( m , and d(m, m+l), was made as
the  accumulation proceeded.
The reason fo r  preparing such a l i s t  was th a t  i t  was f e l t  such
2k
a l i s t  would in d ica te  the r e la t iv e  arrangement of the po in ts  in  the 
14-space. R e la tiv e ly  la rg e  increase in  e i th e r  of the d istances as m 
progresses would in d ica te  a wider separa tion  of po in ts  than  had ex is ted  
among the group ju s t  preceding. Examination of the l i s t  of D(m,
not revealing  in  th is  regard  s ince  i t  behaved ra th e r  e r r a t ­
ic a l ly  as m progressed. However, in  the l i s t  of cen tro id  s h i f t  d i s ­
tances i t  was seen th a t  in  most cases d(m, m+l) > d(m+l, m+2) but in  a 
few instances the in eq u a lity  was reversed . A re v e rsa l was in te rp re te d  
as in d ica tin g  th a t  the (m+2)-nd po in t ju s t  added was f a r th e r  in  d i s ­
tance from the cen tro id  o f the mass of p o in ts  than those po in ts  added 
ju s t  prev iously . Being so separated  in  space, th is  new po in t was con­
sidered  to  be an element of another c lu s te r .  Several of the l a te r  
po in ts  added caused the d istance of movement of the cen tro id  to  be­
have in  a capricious manner. This was in te rp re te d  as in d ica tin g  th a t  
the tra c in g s  these  po in ts  represen ted  were in  some resp ec t un like  each 
o ther or any o ther in  the e n tire  group. I t  i s  possib le  th a t  these  
po in ts  were each the  only rep re sen ta tiv es  in  th is  sample of another 
c lu s te r .  However, when the o r ig in a l sample was combined w ith  a  la rg e r  
group of su b jec ts , the same s i tu a tio n  arose near the end of the accumu­
la t io n  process, w ith  many of the  p e c u lia r ly  behaving po in ts in  the 
la rg e r  group being the  same ones th a t d id  so w ith the  sm aller sample. 
These in d iv id u a l p o in ts , not con tribu ting  to  the form ation of a c lu s te r ,  
were dropped from the an a ly sis  a f te r  i t  was found th a t  they could not 
be combined in to  groups of any s iz e  th a t  had reasonable w ithin-group 
v a r ia b i l i ty .
The v a r ia b i l i ty  w ith in  c lu s te rs  was determined by
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14 "h _ 2
z { 2 [Z (i,k ) - z (k ,h )] > (2 .10)
k=l 1=1
where i s  the number of objects in  the h -th  c lu s te r  and
"h
z(k ,h ) = ( l/n . ) 2 Z (i,k )  (2 .11)
i= l
The values assumed by h were 1, 2, T.
- Those c lu s te rs  th a t  were adjacent in  the l i s t  mentioned above 
were in fe rred  to  be adjacent in  the l4-space because nearness of th e ir  
resp ec tiv e  po in ts in  space caused the l i s t  to  appear as i t  d id . Some 
of the "sm all” adjacent c lu s te rs  were combined two a t  a  time and r e ­
divided in to  two c lu s te rs  by a method due to  Edwards and C avalli-S forza 
( 1965). This method requ ires  the examination of every possib le  arrange­
ment of the poin ts in to  two c lu s te rs  in  order to  f in d  th a t arrangement 
which maximizes th e  between c lu s te rs  sum of squares over a l l  v a r iâ te s . 
This is  ac tu a lly  accomplished by finding  th a t  arrangement which pro­
duces a minimum w ith in  c lu s te rs  sum of squares. This sum of squares 
i s  computed by
2 14 \  _  2
2 ( 2 ( 2  [Z (i,k ) - z (k ,h )]^ ))  (2 .12)
h=l k=l i= l
This was performed on successive adjacent c lu s te rs  by le t t in g  h = 2,
3 then h = 3, 4 u n t i l  f in a l ly  h = T-1, T. Then the  process was r e ­
peated u n t i l  no more po in ts s h if te d  from one c lu s te r  to  another.
This method was used to  form adjusted c lu s te rs  th a t had as 
much v a r ia b i l i ty  as possib le  between the c lu s te rs  while remaining w ith­
in  the  framework of the accumulation p rocess . I t  a lso  led  to  the form­
a tio n  of c lu s te rs  whose w ith in  c lu s te rs  v a r ia b i l i ty  was more nearly
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hOTiogeneous.
The use of the Biwards and C avalli-S forza ( 1965) method was 
considered fo r  s p l i t t in g  the i n i t i a l  group of n items in to  two c lu s te rs  
hut each of the possib le  2'^"^ -1 possib le  s p l i t s  must be examined to  
determine which has the d esired  property . This is  obviously a qu ite  
la rg e  number even fo r  moderate s ize  n and the amount of e lec tro n ic  ccm- 
pu ter time requ ired  to  carry  out th is  procedure would have been prohibi 
t iv e .  In  ad d itio n , i t  i s  not c le a r  ju s t  what would be the r e s u l t  of 
fo rcing  the po in ts  in to  two c lu s te rs  when there  may in  fa c t  be th ree  
or more. Of course, one could continue by fu rth e r  subdividing each 
o r ig in a l c lu s te r  in to  two. One problem th a t  quickly a r ise s  here i s  
where to  stop  the process. Another problem is  th a t  two c lu s te rs  may 
be formed from a group of po in ts  th a t  should remain one.
A one-way analysis  of variance suggested by Barton and David
( 1962) and used by Mwards and C avalli-S forza ( 1965) was applied to
the c lu s te red  d a ta . The w ith in  c lu s te rs  sum of squares was computed
as in  ( 2 .12 ) except th a t  h was allowed to  take on the values 1, 2,
. . . ,  T. The to t a l  sum of squares was computed by
14 n
Z { Z 
k=l i= l
where
z z cz(i,k) - î(k)]^) ( 2 .13 )
n T
z(k) = ( l /n )  Z Z (i,k )  = ( l /n )  Z n. z (k ,h ) (2 .l4 )
i= l  h=l
The among c lu s te rs  sum of squares was then obtained by sub trac ting
(2 ,12 ) summed over a l l  c lu s te rs  from ( 2 . 13).
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The C la s s if ic a tio n  Method 
For each of th e  T c lu s te rs  th e re  was computed a cen tro id  th a t  ' 
was designated by z(h) = [ z ( l ,h ) ,  z (2 ,h ) , F ( l4 ,h )]  and a measure
of v a r ia b i l i ty  computed by
14 "h 2
MS(h) = ( l/n . ) 2 { 2 [Z (i,k ) - z (k ,h )]  ) (2 .15)
k^ l i= l
This q uan tity  in  (2 .15) i s  the  mean squared d istance  of the  po in ts  w ith­
in  the c lu s te r  from the cen tro id  ra th e r  than an estim ate of seme quan­
t i t y .  This i s  the  reason fo r  the use of the  d iv iso r  n^ ra th e r  than the 
usual n^ - 1. ALSO; use of the  d iv iso r  n̂  ̂ - 1 would cause th e  value of 
MS(h) to  be somewhat in f la te d  fo r  a sm all c lu s te r .  The p o s itiv e  square 
roo t of MS(h) was designated by RMS(h). Since the  l4  v a r iâ te s  were a l l  
in  terms of m illim eters the  q u an tity  RMS(h) was a lso  in  these  u n its  and 
could th ere fo re  be used as a  measure of d is tan ce  in  the  l4 -space.
For each value of i  and h th ree  d istances were computed. The 
f i r s t  was th e  d istance  of the i - t h  p o in t from the cen tro id  of the h -th  
c lu s te r .  This was computed by
14 p i
A c(i,h ) = { 2 [Z (i,k )  - z ( k , h ) r r  (2 .l6 )
. k=l
The second was the  d istan ce  of the i - t h  p o in t from a hypersphere of 
rad ius EMS(h) whose cen ter was z (h ). This was determined by
A sp(i,h ) = A c(i,h ) - BMS(h) (2 .1?)
j^egative values in d ica te  th a t  the p o in t i s  in sid e  the hypersphere. 
F in a lly , a  standard ized  d istance  of the  i - t h  po in t from z(h) was com­
puted by
A s t( i ,h )  = [Ac(i,h)]/BMS(h) (2 .18)
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Each of these  th ree  q u a n titie s  was used as a c la s s if ic a t io n  
c r i te r io n  by le t t in g  the  value of h which caused each to  be minimized 
fp r  a  given i  name the  c lu s te r  to  which the  assignment of the i - t h  
sub ject was made.
Seeking Possible Subclusters
When A c (i;h ) , A sp (i,h ), and A s t( i ,h )  were computed fo r  a  given 
value of i ;  the values of h th a t  caused each of the q u a n titie s  to  be 
minimized  were not always c o n s is ten t. Those su b jec ts  fo r  which the 
assignment was the  same fo r  a l l  th ree  methods were considered as "cen­
t r a l "  c lu s te r s .  A number of su b jec ts  were not c la s s if ie d  the same by 
a l l  th ree  methods. Among th is  group, those sub jec ts  which agreed w ith 
each other by a l l  th re e  c la s s i f ic a t io n  methods were considered as 
possib le  "su b c lu ste rs" . Although th is  method of find ing  subclusters 
has considerable in tu i t iv e  appeal i t  becomes necessary to  examine the 
groups c a re fu lly  because, fo r  example, two po in ts  might be in  opposite 
d ire c tio n s  frcan a cen tro id  and s t i l l  have n early  the same s e t  of th ree  
d is ta n c e s .
The procedure described in  th is  chapter i s ,  of course, a p p li­
cable to  any data  th a t  provides a  s p a tia l  arrangement of the po in ts  r e ­
presenting  the  o b jec ts . Though i t  could be applied  to  po in ts in  a 
semi met r i c  space such as defined by Rogers and Tanimoto ( 1960), ap p li­
ca tion  to  po in ts  in  m etric space i s  probably more d e s ira b le . The re a ­
son fo r  th is  i s  th a t  in  a semimetric space, as defined by these au thors,
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i t  i s  p o ssib le , fo r  example, fo r  po in t A to  be near po in ts B and C 
while B and C are not near each o ther. I t  i s  a lso  p o ssib le , i f  A, B, 
and C represen t the v e r tic e s  of a  tr ia n g le  in  the semimetric space, 
th a t the sum of the lengths of two sides of the tr ia n g le  may not be 
g rea te r  than the length  of the th ird  side .
CHAPTER I I I  w i l l  show the app lica tion  of the s t a t i s t i c a l  pro­
cedures described above to  the ballistocard iogram  d a ta .
CHAPTER i n
KSSULOB OP ANALYSIS
The i n i t i a l  phase of ana lysis  of the  ballistocard iogram s was 
done using the  da ta  obtained from the tra c in g s  of 37 su b jec ts . Con­
sidering  each sub jec t as a  po in t in  l4 -space , those two po in ts  separated 
by the le a s t  d istance were sought. The minimum d istan ce  between po in ts 
was found to  be shared by th re e  p a irs  of p o in ts . Each manber of each 
p a ir  was separated from the o ther manber of th a t  p a ir  by 2.2361  u n its .  
Each u n it  in  th is  case i s  5 m illim eters  because each Z (i,k )  value r e ­
presented the  number of complete 5 m illim eter segments the curve stood 
above a h o riz o n ta l l in e  ly ing  30 m illim eters below th e  H peak on the 
tra c in g . The one-by-one accumulation process described in  CHAPTER I I  
was c a rried  out beginning w ith each of the  p a irs  mentioned above. These 
th ree  processes were c a lle d  Path 1, Path I I ,  and Path I I I .  Table 7 
shows the  po in t sequence numbers in  the  accumulation process, m; the 
sub jec t id e n tif ic a tio n  numbers, i^™^; the d istance  of the m-th po in t 
from the cen tro id  of m-1  p o in ts , D(m-1 , the d istance  of cen tro id
s h i f t ,  d(m -l, m)j and, as w ell, the  c lu s te r  assignment, h, fo r  Path I .  
The two d istances fo r  i^^?) = i4  are omitted because th is  was the only 
remaining po in t a t  th a t  s tag e . I t  may be necessary, as in  th is  case, 
to  be somewhat a rb itra ry  about the magnitude of d iffe ren ce  of d istance 




ACCUMULATION PROCESS FOR PATH I
I n i t i a l  subjects;: i '  = 4, i"  = 27
h m l(m) D(m-1 ; i ( * ) ) d(m -l, m)
3 17 2.5000 .8333
1 4 37 2.6666 .6666
5 29 2.3452 .4690
6 _  28_____________ 2.5534 .4255
“  30 w* «■■ mmt3.1402 --------"7+486---------
8 39 3.1331 .3 9 1 6
9 18 3.0026 .3336
10 20 3.2678 .3267
11 34 3.3541 .3049
2 12 21 3.4 i 48 .2845
13 38 3.4590 .2660
Ik 2 3.6219 .2587
15 33 3.6679 . .2445
16 25 3.7220 .2326- j j
"  “4 T ^ 3 H ---------------- 72490
3 18 10 4.3988 .2443
19 8 4.3631 .2296
20 32 4.4817 .2240
" 2 1 -  23 "  ""5T1Ô17 --------72429---------
k 22 3 5.1582 .2344
23 7 5.0513 .2196
2k 13 5.1497 .2145
"25 575020 ”  “ ,2200
5 26 31 5.3272 .2048
g r 1 5.6165 .2080
28 p ^ 0 7 9 1 .2171
6 29 26 6.1880 .2133
. 3 0 _____ 16 6.4036 .2134
31 ” 15 "  “677365-------------- 72173
32 36 6.6590 .2080
33 12 7.4407 .2254
T 3k 6 8.0509 .2367
35 35 9.0360 ,2581 '
36 9 9 .3 3 3 1 .2 5 9 2
37 14
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p o in t .
Gühe analysis  of variance on the above grouping is  shown in  
Table 8 . The P - s t a t i s t i c  shown in  th is  and subsequent analysis  of 
variance ta b le s  i s  c le a r ly  not d is tr ib u te d  exactly  as the well-known 
Snedecor-Pisher P. One reason fo r  th is  i s  the nature of the data  
used. Where only  a lim ited  number of in teg e r values of the v a riâ te s  
are  p o ss ib le , these  v a r iâ te s  can not be considered as having the nor­
mal, or Gaussian, d is tr ib u tio n  necessary to  produce an exact Snedecor- 
P isher P. The manner in  which the  sums of squares of the  v a riâ te s  
were combined might a lso  lead  to  some d i f f ic u l ty  as f a r  as the  d i s t r i ­
bu tion  of the  s t a t i s t i c  i s  concerned. However, the computed F was 
considered usable fo r  two reasons. F i r s t ,  as reviewed by Cochran 
( 1947) , the  P - s t a t i s t i c  i s  known to  adhere f a i r l y  c lo se ly  to  the 
Snedecor-Pisher d is tr ib u tio n  over a wide range of circum stances.
Second, th i s  s t a t i s t i c  was not intended s t r i c t l y  as a  t e s t  of hypo­
th e s is  concerning the  e ffec tiv en ess  of a s in g le  c lu s te r in g  arrangement 
b u t, ra th e r ,  as an in d ic a to r  of the r e la t iv e  e ffec tiv en ess  of more than 
one po ssib le  arrangement. The p ro b a b ility  values obtained from the 
ta b le s  of the  Snedecor-Pisher d is tr ib u tio n  were recognized as being 
approximate, bu t were considered as reasonable in d ica to rs  of the r e la ­
t iv e  e ffec tiv en ess  of the  c lu s te r in g  arrangements and, in  some cases 
th a t w i l l  be noted l a t e r ,  as a reasonable t e s t  of hypothesis concern­
ing the e ffec tiv en ess  of a s in g le  arrangement of the sub jec ts  in  pro­
ducing v a lid  c lu s te r s .
ap p lica tio n  of the method of Edwards and C avalli-S fo rza  ( 1965), 
as p rev iously  described , to  c lu s te rs  3 , 4 , and 5 led  to  a s h i f t  of
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TABLE 8










Among c lu s te rs 6 253.6937 42.2823 1.75
Within c lu s te rs 30 726.2523 24.2084
h % MS(h) RMS(h)
1 6 21.8333 3.6389 1.9076
2 10 82.8000 8.2800 2.8775
3 k 41.5000 10.3750 3.2210
k k 38.5000 9.6250 3.1024
5 3 30.0000 10.0000 3.1623
6 3 79.3333 26.4444 5.1424
7 T 432.2857 61.7551  ' 7.8584
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sub jec t 10 from c lu s te r  3 to  c lu s te r  4. This produced an F-value of I .83 
ccmpared to  the 1-75 shown fo r  the f i r s t  stage grouping.
I t  was f e l t  th a t  c lu s te rs  6 and 7 should be elim inated from the 
analysis  fo r  reasons discussed in  CHAPTER I I .  Also, none of the 10 sub­
je c ts  contained th e re in  could be combined in to  groups of a t  lease  s ize  
3 such th a t  th e i r  MS(h) were comparable in  magnitude to  those of c lu s te rs  
1 through 5* Ihe analysis of variance fo r  the remaining 27 subjects 
appears in  Table 9- As a po in t of re ference , the p ro b a b ility  of a 
Snedecor-Pisher F-value exceeding th is  value is  le ss  than .01 while the 
p ro b a b ility  of exceeding th a t  shown in  Table 8 i s  something between .10 
and . 25 .
The c la s s if ic a t io n  schemes th a t  have been described were then 
applied  to  a l l  37 su b jec ts . Seme of the re s u l ts  fo r  the group of 27 
th a t  were used to  form the c lu s te rs  i s  summarized in  Table 10. Ihe 
th ree  m isc la ss if ied  sub jec ts were the same fo r  A sp (i,h ) and A s t( i ,h ) .
The two m isc la ss if ied  by A c(i,h ) were not among the th ree  m isc la ss if ied  
by the o ther two methods.
Of the e n tire  group of 37 su b jec ts , 31 were c la s s if ie d  consis­
te n tly  according to  the th ree  c la s s if ic a t io n  methods. A ll of the r e ­
maining 6 were co n sis ten t on a t  le a s t  two of the methods.
For Path I I  and Path I I I  the  l i s t  of d istances were exactly  the 
same except fo r  a  d if fe re n t perm utation of the f i r s t  four o b jec ts . The 
th ird  and fo u rth  objects in  e ith e r  l i s t  were members of the i n i t i a l  p a ir  
in  the o ther l i s t .  Since these four ob jects f e l l  in to  the same c lu s te r  
in  e i th e r  case only Path I I  w il l  be discussed.
Again, a rb itra ry  choices were made when the l i s t  of d istances
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table 9









T otal 26 385.1852
Among C lusters h 179.4852 44.8713 4.80
Within C lusters 22 205.7000 9.3500
h MS(h) RMS(h)
1 6 21.8333 3.6389 1.9076
2 10 82.8000 8.2800 2.8775
3 3 22.6667 7.5556 2.7487
k 5 48.4000 9.6800 3.1113
5 3 30.0000 10.0000 3.1623
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TABLE 10
RESULTS OF RECLASSIFICATION FOR PATH I




Number C orrectly  
R ec lass ified
Proportion C orrectly  
R ec lassified
A c(i.h ) 27 25 .889
A sp(i,h ) 27 24 .815
A s t( i ,h ) 27 24 .815
was considered fo r  Path I I . , The f in a l  10 sub jec ts  on the l i s t  were the 
same 10 who were a t  the  end of the l i s t  fo r  Path I .  Knowledge of th e ir  
behavior from th e  Path I  procedure caused them to  be omitted in  any 
fu r th e r  ana lysis  in  Path I I .
The 27 ranain ing  sub jec ts  were then placed in  th ree  c lu s te rs  
of s iz e s  l6 , k, and J .  The ap p lica tio n  of the Edwards and C avalli-S forza 
( 1965) method to  th e  combination of the  f in a l  11 subjects led  to  a s i tu a ­
tio n  where the  2J were s p l i t  in to  th re e  c lu s te rs  of s ize  I 6 , 6, and 5* 
This n e t change was brought about by one sub jec t being moved from c lu s te r  
2 to  c lu s te r  3 and th re e  sub jec ts being moved from c lu s te r  3 to  c lu s te r  
2. The analysis  of variance before th is  s h i f t  was made produced an 
F-value of 3 «35. Values g rea te r  than th is  occur in  the Snedecor-Fisher 
d is tr ib u tio n  w ith a p ro b a b ility  of approximately .05 . The rearrange­
ment produced an F-value of 7*58* In the Snedecor-Fisher d is tr ib u tio n  
th e  p ro b a b ility  of a value g re a te r  than th is  i s  considerably le ss  than 
.005 . The analysis  of variance fo r  the  f in a l  stage of Path I I  i s  shown
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in  Table 11.
The re su lts  of r e c la s s if ic a t io n  of the 2J subjects who formed 
the c lu s te rs  in  Path I I  are shown in  Table 12. The f iv e  sub jec ts  mis­
c la s s if ie d  by A c(i,h ) were among the s ix  m isc la ss if ied  by the other two 
methods.
Of the e n tire  group of 37 sub jec ts  the th ree  methods of c la s s i ­
f ic a tio n  were co n sis ten t fo r  a l l  but 4. These 4 were consis ten t fo r 
a t  le a s t  two of the c la s s if ic a t io n  methods.
Before applying a fu r th e r  method of forming c lu s te r s ,  the 
ballistocard iogram s of an ad d itio n a l 82 sub jec ts  were read . This made 
a  t o t a l  of 119 su b jec ts . I t  was possib le  to  group these data  poin ts 
in to  c lu s te rs  in  a  number of d if fe re n t ways using e ith e r  the Path I  or 
Path I I  c r i te r i a .  They were f i r s t  grouped according to  th e i r  c la s s i f i ­
ca tion  using A c(i,h ) . The next grouping was on the b asis  of A sp (l,h ). 
And, f in a l ly ,  they were grouped by A s t( i ,h ) .  Of course, more c lu s te rs  
could be formed by grouping on the b asis  of assignment agreement on 
two or th ree  of the c r i t e r i a .  This was done only fo r  agreement on a l l  
th re e  c r i t e r i a .  The purpose in  forming these sev era l groupings was to  
attem pt to  learn  something of the re la t iv e  m erits of the th ree  c la s s i ­
f ic a tio n  c r i te r i a .  Uae re s u l ts  of each of the groupings made are sum­
marized in  Tables 13 through 20. Consideration of the F-values shown 
in  these tab le s  in d ica tes  th a t  A c(i,h ) i s  the superio r method of c la s s i ­
f ic a tio n .
The accumulation process described in  CHAPTîE I I  was a lso  
applied to  the  group of 119 su b jec ts , when the se lec tio n  process fo r  
the two po in ts n earest to  each other was c a rrie d  out i t  was found th a t
38
TABLE 11










Among c lu s te rs 2 1U9 .O977 74.5488 7.58
Within c lu s te rs 2k 236.0875 9.8370
h % MS(h) RMS(h)
1 l6 126.1875 7.8867 2.8083
2 6 61.5000 10.2500 3.2026
3 5 48.4000 9.6800 3.1113
TABLE 12
RISULŒS OF RECLASSIFICATION FOR PATH I I




Number C orrectly  
R ec lass ified
Proportion C orrectly  
R ec lass ified
A c(i,h ) 27 22 .815
A sp(i,h ) 27 21 .778
A s t( i ,h ) 27 21 .778
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TABLE 13
ANALYSIS OF VARIANCE FOR GROUPING 









T otal 118 3047.9333
Among c lu s te rs k 1185.8792 296.4698 18.15
Within c lu s te rs I lk 1862.0541 16.3338
h % MS(h) RMS(h)
1 2k 242.8335 10.1180 3.1808
2 k l 748.7664 15.9312 3.9913
3 12 228.6667 19.0555 4.3652
k 20 376.6000 18.8300 4.3393
5 16 265.1875 16.5742 4.0711
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TABLE l4
ANALÏSIS OF VARIANCE FOR GROUPING 










Among c lu s te rs k 1102.5233 275.6308 16.15
W ithin c lu s te rs 114 1945.4100 17.0650
h % MS(h) RMS(h)
1 9 70.2222 7.8024 2.7932
2 57 901.2988 15.8122 3.9764
3 9 196.2222 21.8024 4.6693
h 24 441.9168 18.4132 4.2910
5 20 335.7500 16.7875 4.0972
li-l
TABLE 15
ANALYSIS OF VARIANCE FOR GROUPING 










Among c lu s te rs k 1070.2520 267.5630 15.42
W ithin c lu s te rs I lk 1977.6813 17.3480
h % MS(h) RMS(h)
1 7 1+3.4286 6.2040 2.4908
2 59 940.8821 15.9471 3.9933
3 5 64.0000 12.8000 3.5777
k 23 349.1306 15.1795 3.8960
5 25 580.2400 23.2096 4.8176
h2 
TABLE 16
AHALYBIS OF VARIANCE FOR GROUPING BY PATH I









T otal 118 3047.9333
Among c lu s te rs 13 1391.1785 107.0137 6.78
W ithin c lu s te rs 105 1656.7548 15.7786
h % MS(h) RMS(h)
1 6 35.5000 5.9166 2.4324
2 2 6.0000 3.0000 1.7320
3 11 104.0000 9.4545 3.0748
k 1 0 0 0
5 k 26.5000 6.6250 2.5739
6 720.4006 16.0089 4.0011
7 1 0 0 0
8 1 0 0 0
9 5 64.0000 12.8000 3.5777
10 3 62.0000 20.6666 4.5460
11 4 42.5000 10.6250 3.2596
12 18 283.6667 15.7592 3.9697
13 2 47.0000 23.5000 4.8476




M ALÏSIS OF VARIANCE FOR GROUPING 
BY PATH I I  USING A c ( i ,h )
S o u rce  o f  
V a r ia t io n
D egrees o f  
Freedom
Sum o f  
S q u ares
Mean
S q u are F
T o ta l n 8 3047 .9333
Among c l u s t e r s 2 1014.7837 507.3918 28.95
W ith in  c l u s t e r s l l 6 2033.1496 17.5271
h % MB(h) RMS(h)
1 67 1047.0454 15.6275 3.9531
2 28 564 .1430 20 .1479 4 .4 8 8 6
3 2h 421.9585 17.5816 4.1930
1̂ 1+
TABLE 18
M ALÏSIS OF VARIANCE FOR GROUPDTG 










Among clusters 2 968.6260 484.3130 27.02
Within clusters 116 2079.3073 17.9251
h % MS(h} RMS(h)
1 60 854.1506 14.2358 3.7730
2 3^ 756.6767 22.2551 4.7175
3 25 468.4800 18.7392 4.3288
^3
TABLE 19
ANALYSIS OP VARIANCE FOR GROUPING 










Among clusters 2 953.3105 476.6552 26.40
Within clusters 116 2094.6228 18.0571
h % MS(h) RMS(h)
1 58 767.5871 13.2342 3.6378
2 36 858.5557 23.8487 4.8835
3 25 468.4800 18.7392 4.3288
4 6
TABLE 20
ANALYSIS OF VARIANCE FOR GROUPING BY PATH I I  
USING A c ( l , h ) ,  A s p ( i ,h ) ,  AND A s t ( i , h )
S o u rce  o f  
V a r ia t io n
D egrees o f  
Freedom
Sum o f  
S q u ares
Mean
S quare F
T o ta l n 8 3047.9333
Among c l u s t e r s 5 1132.3373 226 .4675 13.36
W ith in  c l u s t e r s 113 1915.5960 16.9522
h % MS(h) RMS(h)
1 58 767.5671 13.2342 3.6378
2 2 49.5000 24.7500 4.9749
3 7 125.1429 17.8775 4.2281
h 1 0 0 0
5 27 551.4075 20.4225 4.5191
6 24 421.9585 17.5816 4.1930
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f i v e  p a th s  w ere  p o s s ib l e .  Each o f  th e s e  was fo llo w e d  and i t  was se e n  
t h a t  m ost b e g a n  s e l e c t i n g  th e  same p o in t s  e a r l y  i n  t h e  p r o c e s s  and t h a t  
a l l  f i v e  w ere e x a c t ly  t h e  same i n  th e  l a t e r  s ta g e s  o f  a c c u m u la tio n .
Due t o  t h i s  s i m i l a r i t y  o n ly  th e  f i r s t  p a th  was exam ined  i n  any d e t a i l .  
The b re a k s  be tw een  c l u s t e r s  w ere a g a in  s e l e c t e d  a t  t h e  r e v e r s a l s  o f  
d i r e c t i o n  o f  th e  i n e q u a l i t y  o f  th e  d i s t a n c e s  th e  c e n t r o id  moved when 
th e  n e a r e s t  p o in t  was ad d ed . W ith  some a t t e n t i o n  b e in g  p a id  t o  th e  
mag n i tu d e  o f  th e  d i f f e r e n c e  when t h e r e  was a  r e v e r s a l ,  i t  was p o s s ib le  
t o  d e f in e  10 m ajo r c l u s t e r s  w h ich  c o n ta in e d  24 m in o r c l u s t e r s .
In  CHAPTER IV a  com parison  o f  th e  a p p l i c a t i o n s  o f  th e  m ethods 
w i l l  b e  meafe. I h i s  w i l l  b e  fo llo w e d  b y  an  a tte m p t t o  r e l a t e  some o f  
t h e  c l u s t e r s  fo rm ed  t o  o th e r  known f a c t s  a b o u t th e  s u b j e c t s .  F i n a l l y ,  
t h e r e  w i l l  a p p e a r  a  summary a lo n g  w ith  a  d i s c u s s io n  o f  some a r e a s  f o r  
f u t u r e  i n v e s t i g a t i o n .
CHAPTER IV
COÏÏCLUSIOÏÏS
C om parlson and E v a lu a t io n  o f  M ethods 
A p a r t  o f  t h e  e v a lu a t io n  o f  t h e  v a r i a t i o n s  i n  c lu s t e r i n g  m ethods 
t h a t  have  b e e n  d e s c r ib e d  and d e m o n s tra te d  l i e s  in  th e  com parison  o f  th e s e  
v a r i a t i o n s  a s  t o  c o n s is te n c y  o f  g ro u p in g . When th e  g ro u p in g s  o f  th e  
o b je c ts  f o r  P a th  I  and P a th  I I  w ere com pared i t  was se e n  t h a t  c l u s t e r s  
1 and 2 from  P a th  I  w ere e x a c t ly  th e  same ite m s  a s  i n  c l u s t e r  1 o f  P a th  
I I .  C lu s te r  3 o f  P a th  I  was t h e  same g ro u p  o f  s u b je c t s  a s  c l u s t e r  2 o f 
P a th  I I .  C lu s te r  3 o f  P a th  I I  was se e n  t o  b e  a  c o m b in a tio n  o f  th e  
c l u s t e r s  4 and  5 o f  P a th  I .  The re a s o n  f o r  d i s c r e p a n c ie s  o f  t h i s  k in d  
i s  p ro b a b ly  due t o  th e  d i r e c t i o n  o f  t r a v e l ,  so  t o  sp e a k , th ro u g h  th e  
mass o f  p o in ts  a s  th e y  w ere added one b y  one d u r in g  th e  a c c u m u la tio n  p r o ­
c e s s .  T h is  was i n  t u r n  in f lu e n c e d  b y  th e  i n i t i a l  p a i r  o f  p o i n t s .  T h is  
r e l a t i o n s h i p  be tw een  th e  two p a th s  does  p ro v id e  some e v id e n c e  t h a t  th e  
r e s u l t s  o f  th e  m ethod u se d  a re  n o t  t o t a l l y  d ep en d en t upon th e  i n i t i a l  
p a i r  o f  p o in t s  b u t  i n s t e a d  upon th e  a c t u a l  s p a t i a l  a rran g em en t o f  th e  
p o i n t s .
E v idence  c o n c e rn in g  w hich  o f  th e  two p a th s  was m ost e f f e c t i v e  
i s  o b ta in e d  from  th e  a n a ly s i s  o f  v a r ia n c e  shown i n  T a b les  9 , 11, 13, 
and 17 . These te n d  t o  i n d i c a t e ,  on th e  b a s i s  o f  th e  F - v a lu e ,  t h a t  
P a th  I I  was th e  m ost e f f e c t i v e .  A lso , P a th  I I  su cceed ed  i n  h e lp in g
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t o  d e s c r ib e  th e s e  d a ta  w i th  few e r c l u s t e r s  th a n  P a th  I ,  th u s  P a th  I I  h as  
done a  b e t t e r  jo b  o f  sum m arizing  th e  d a t a .  I t  i s  p o s s ib le  t h a t  th e  
c l u s t e r s  o f  P a th  I  r e p r e s e n t  s u b c lu s t e r s  o f  P a th  I I .  I t  was p o in te d  o u t 
i n  CHAPTER I I I  t h a t  t h e  a c c u m u la tio n  p ro c e s s  a l s o  i n d ic a te d  th e  p re s e n c e  
o f  s u b c lu s te r s  i n  t h e  g ro u p  o f  I 19 s u b je c t s  when th e  m ag n itu d e  o f  d i f ­
f e r e n c e  o f  d i s t a n c e  moved b y  th e  c e n t r o id  a t  a  r e v e r s a l  was c o n s id e re d . 
T h is  i s  a  p o in t  t h a t  d e s e rv e s  f u r t h e r  i n v e s t i g a t i o n .
I t  was d e s i r e d  t o  com pare P a th  I  and  P a th  I I  t o  t h e  accum ula­
t i o n  p ro c e s s  u s in g  119 s u b j e c t s .  The s i z e  o f  th e  c l u s t e r s  o f  b o th  Path  
I  and P a th  I I  w ere  i n f l a t e d  i n  s i z e  b y  u s in g  t h e  n e a r e s t  c e n t r o id  a s s i g n ­
m ent c r i t e r i o n  t o  fo rm  th e  c l u s t e r s .  T h is  c r i t e r i o n  was deemed b e s t  t o  
u se  on th e  b a s i s  o f  th e  in fo r m a t io n  c o n ta in e d  i n  T a b le s  10 , 1 2 , 13 and 
17 ' E x c lu d in g  th e  12 s u b je c t s  t h a t  beh av ed  e r r a t i c a l l y  n e a r  t h e  end 
o f  th e  a c c u m u la tio n  p ro c e s s  on th e  119 s u b j e c t s ,  th e  r e s u l t s  o f  t h i s  
a ss ig n m en t c r i t e r i o n  a r e  shown i n  T a b le s  21 and 22 . The i n d i c a t i o n  i s  
t h a t  th e  o r i g i n a l  c l u s t e r s  r e p r e s e n t  so m eth in g  o th e r  th a n  a  random
C
a rran g em en t o f  th e  s u b je c t s  b e c a u s e  th e  p r o p o r t io n  o f  s u b je c t s  i n  th e  
c l u s t e r s  d id  n o t change a p p r e c ia b ly  when th e  l a r g e r  g ro u p  was c o n s id e re d .
S in c e  P a th  I  and P a th  I I  a p p e a r  t o  p ro d u ce  c o n s i s t e n t  r e s u l t s  
w i th  l a r g e r  num bers o f  s u b je c t s  th a n  w ere i n  t h e  o r i g i n a l  a c c u m u la tio n  
p r o c e s s ,  th e  107 s u b je c t s  a s s ig n e d  b y  th e s e  m ethods w ere  u se d  t o  com­
p a re  P a th  I  and P a th  I I  w i th  t h e  a c c u m u la tio n  p ro c e s s  u s in g  I I 9 s u b je c t s  
w hich  form ed t e n  c l u s t e r s  c o n ta in in g  IO7 o f  th e  s u b je c t s .  The co m p ari­
so n s  w ere made u s in g  T a b le s  23 and 2k. I f  e a ch  o f  t h e  a c c u m u la tio n  p r o ­
c e s s e s  had  c r e a te d  random  g ro u p in g s  o f  p o i n t s ,  t h e  more o r  l e s s  d ia g o n a l  
p a t t e r n  se e n  i n  T a b le s  23 and 2h w ould n o t  have o c c u rre d .
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TABLE 21
PROPORTION OF SUBJBC05 ASSIGNED TO CLUSTERS
FORMED BY PATH I
Number o f  
s u b je c t s
1
C lu s te r  number 
2 3 4 5
27 - .222 .370 .148  .148 .111
107 .22h .411  .103 .159 .103
TABLE 22
PROPORTION OF SUBJECTS ASSIGNED TO CLUSTERS 
FORMED BY PATH I I
Number o f  
s u b je c t s
1
C lu s te r  number 
2 3
27 .593 .148 .259
107 .673 .l4 0 .187
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TABLE 23
COMPARISON OF PATH I  PROCESS WITH 119 SUBJECTS 
ACCUMULATION PROCESS BY NUMBER 
OF SUBJECTS IN CUBTERS
119 S u b je c t  
a c c u m u la tio n  
c l u s t e r  number 1
P a th  I  
C lu s te r  number 
2 3 4 5 T o ta l
1 4 19 - - - 23
2 2 1 - - - 3
3 7 5 - - - 12
k 6 4 - - - 10
5 1 3 1 1 - 6
6 3 6 3 4 1 17
7 1 2 4 8 2 17
8 - 4 - 3 6 13
9 - - 2 1 - 3
10 - - 1 - 2 3
T o ta l 24 44 11 17 11 107
52
TABLE 24
COMPARISON OF PATH I I  PROCESS WITH 119 SUBJECTS 
ACCUMULATION PROCESS BY NUMBER 
OF SUBJECTS IN CLUSTERS
119 S u b je c t  
a c cu m u la tio n  
c l u s t e r  number 1
P a th  I I  
C lu s te r  number 
2 3 T o ta l
1 23 - 23
2 3 - - 3
3 12 - - 12
k 10 - - 10
5 h - 2 6
6 6 5 6 17
7 3 6 8 17
8 5 4 4 13
9 3 - - 3
10 3 - - 3
T o ta l 72 15 20 107
53
A nother p o s s i b i l i t y  f o r  e v a lu a t io n  o f  th e  c lu s t e r i n g  m ethod i s  
t o  compare th e  c l u s t e r i n g  p ro c e s s  w ith  a  s u b je c t iv e  c l a s s i f i c a t i o n  p ro ­
c e s s  f o r  th e  b a l l i s to c a r d io g r a m .  The d e f i n i t i o n  o f  one su ch  g ro u p  o f  
c la s s e s  i s  a s  f o l lo w s :
C la s s  1  -  R eadab le  w ith  e a se  w ith o u t  e le c t r o c a r d io g r a p h ic  t im in g  
C la s s  2  -  R ead ab le  w i th  d i f f i c u l t y  w i th o u t  e le c t r o c a r d io g r a p h ic  
tim in g
C la s s  3 -  R ead ab le  o n ly  w ith  e l e c t r o c a r d io g r a p h ic  t im in g  
C la ss  4  -  U n read ab le  w i th  e l e c t r o c a r d io g r a p h ic  tim in g  
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  c u r r e n t  g ro u p  o f  119 t r a c in g s  c o n ta in s  
one w hich  was p la c e d  i n  C la s s  4 a t  th e  tim e  i t  was m ade. At a  l a t e r  
tim e  i t  was c o n s id e re d  s u f f i c i e n t l y  r e a d a b le  t o  b e  in c lu d e d  h e r e .  T h is  
p o i n t s  up  one o f  t h e  d i f f i c u l t i e s  o f  s u b je c t iv e  c l a s s i f i c a t i o n ,  t h a t  o f  
in c o n s i s te n c y .  Conqparison o f  th e  c l a s s i f i c a t i o n  g iv e n  above w i th  th e  
c l u s t e r i n g  p ro c e s s e s  a r e  g iv e n  i n  T a b le s  25 and 26 . Only th o s e  s u b je c t s  
w ere  in c lu d e d  t h a t  w ere c l a s s i f i e d  c o n s i s t e n t l y  b y  a l l  t h r e e  c r i t e r i a .  
A ls o , c l a s s e s  2 , 3 ; and 4 w ere  p o o le d  s in c e  th e y  a r e  u s u a l ly  c o n s id e re d  
a s  abnorm al i n  some r e s p e c t s .  A c h i- s q u a re  t e s t  was p e rfo rm ed  on th e  
d a ta  i n  T ab le  The com puted v a lu e  was 6 .78»  Under t h e  h y p o th e s is  
o f  no  r e l a t i o n s h i p  b e tw een  c l u s t e r  and c l a s s  th e  p r o b a b i l i t y  o f  a  v a lu e  
g r e a t e r  th a n  t h i s  h a s  a  p r o b a b i l i t y  o f  o c c u rre n c e  o f  l e s s  th a n  . 05 .
T h is  p ro v id e s  s u p p o r t iv e  e v id e n c e  t h a t  th e  c l u s t e r i n g  m ethod and th e  
c l a s s i f i c a t i o n  p ro c e d u re  do n o t  p ro v id e  u n r e l a te d  g ro u p in g s . Looking 
a t  th e  d a ta  o f  b o th  T a b le s  25 and 26 th e r e  i s  some in d i c a t i o n  t h a t  an  
abnorm al t r a c in g  i s  m ore l i k e l y  t o  f a l l  i n t o  c l u s t e r  1 th a n  any  o th e r .  
Com parison o f  t h e  119 s u b je c t  a c c u m u la tio n  p ro c e s s  w i th  t h e  s u b je c t iv e
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TABLE 25
COMPARISON OF PATH I  AND A SUBJECTIVE CLASSIFICATION 
BY NUMBER -OF SUBJECTS
S u b je c t iv e
C la s s
C lu s te r
1
P a th  I  
C lu s te r  
2
C l a s s i f i c a t i o n  
C lu s te r  C lu s te r
3 4
C lu s te r
5
T o ta l
1 1 39 4 16 l4 74
2 , 3 , o r  4 5 6 1 3 2 17
T o ta l 6 45 5 19 16 91
TABLE 26
COMPARISON OF PATH I I  AND A SUBJECTIVE CLASSIFICATION 
BY NUMBER OF SUBJECTS
P a th  I I  C l a s s i f i c a t i o n  
S u b je c t iv e  C lu s te r  C lu s te r  C lu s te r  T o ta l
C la s s  1 2 3
1 36







T o ta l 58 27 24 109
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c l a s s i f i c a t i o n  can  b e  made w ith  T ab le  2J.  The p r o p o r t io n  o f  t r a c in g s  
n o t  in  c l a s s  1 i s  c o n s id e r a b ly  g r e a t e r  in  c l u s t e r s  2 , 3 , and 4 th a n  in  
a n y  o t h e r s .  T h is  p ro v id e s  some e v id e n c e  a l s o  t h a t  th e s e  t h r e e  c l u s t e r s  
may n o t  b e  d i s t i n c t  s e t s  o f  s u b je c t s .  T h is  i s  a  r e a s o n a b le  p o s s i b i l i t y  
s in c e  th e y  o c c u rre d  i n  t h i s  s e r i a l  o rd e r  i n  th e  a c c u m u la tio n  p ro c e s s .
TABLE 27
COMPARISON OF 119 SUBJECT ACCUMULATION PROCESS 
AND SUBJECTIVE CLASSIFICATION BY NUMBER 
OF SUBJECTS
119 S u b je c t  a c c u m u la tio n  c l u s t e r  number 
C la s s  1 2 3  4 5 6 7 8 9  10 T o ta l
1 19 0 5 6 4 12 13 10 3 3 75
2 , 3 , o r  4 4 3  7 ^ 2 5 4 3 0  0 32
T o ta l  23 3 12 10 6 17 17 13 3 3 107
The e v id e n c e  p r e s e n te d  above in d i c a t e s  t h a t  th e  p ro c e s s e s  d e ­
s c r ib e d  i n  CHAPTER I I  do have a  p r o p e n s i ty  t o  d e t e c t  w hat m igh t be  c a l l e d
ab no rm al t r a c i n g s .  I t  i s  i n t e r e s t i n g  t o  n o te ,  how ever, t h a t  many o f  th e  
t r a c i n g s  t h a t  w ere  s u b je c t iv e ly  ju d g ed  to  b e  m ost t y p i c a l l y  norm al w ere 
th e  ones t h a t  w ere  im p o s s ib le  t o  c l u s t e r  w i th  th e  a c c u m u la tio n  p ro c e s s .
Of c o u r s e ,  th e  a b i l i t y  t o  d e t e c t  an  abnorm al t r a c in g  i s  more d e s i r a b le  
th a n  th e  r e v e r s e  s i t u a t i o n .
The r e l a t i v e  and  a b s o lu te  v a lu e s  o f  th e  a m p litu d e s  and w id th s  
o f  th e  v a r io u s  com ponents o f  t h e  cu rv e  s u r e l j ’’ a re  among th o s e  th in g s  ob­
s e rv e d  w ith o u t  b e in g  a c t u a l l y  m easured  when m ost ty p e s  o f  s u b je c t iv e
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e v a lu a t io n  o f  t r a c in g s  a r e  u s e d . The d a ta  u se d  h e re  d o , i n  e f f e c t ,  mea­
s u re  some o f  th e  v a r io u s  c o n to u rs  o f  th e  c u rv e . The 37 t r a c in g s  u se d  in  
t h e  o r i g i n a l  a c c u m u la tio n  p ro c e s s  w ere g ro u p ed  a c c o rd in g  t o  " l ik e n e s s "  
b y  th e  i n d iv id u a l  who was e a r l i e r  r e s p o n s ib le  f o r  a s s ig n in g  th e  c la s s  
num ber. Four m ajo r c a te g o r ie s  o f  " l ik e n e s s "  w ere o b se rv e d  b y  t h i s  p e r ­
s o n . A l l  t e n  o f  th e  s u b je c t s  t h a t  w ere ju d g ed  n o t t o  b e lo n g  i n  any  
c l u s t e r  from  P a th  I  and P a th  I I ,  e x c e p t on e , had t r a c in g s  t h a t  f e l l  
i n t o  th e  same " l ik e n e s s "  c a te g o ry . The g ro u p  a t  th e  o p p o s i te  end o f  
th e  " l ik e n e s s "  s c a l e  c o n ta in e d  t r a c in g s  f o r  s u b je c t s  from  o n ly  one 
c l u s t e r ,  r e g a r d le s s  o f  th e  p a th  c o n s id e re d .
The t r a c in g s  i n  one o f  th e  l a r g e r  c e n t r a l  c l u s t e r s  w ere found  
t o  e x h i b i t  i n  m ost c a s e s  a  s p l i t  H- o r  J-w ave o r  a  te n d e n c y  t o  have a  
s p l i t .  T h is  was v e ry  i n t e r e s t i n g  in  v iew  o f  th e  f a c t  t h a t  th e  two peaks 
o f te n  w ere  l e s s  th a n  5 m i l l im e te r s  above th e  v a l l e y  b e tw een  them . T h is  
a p p e a rs  t o  b e  e x p la in e d  by  th e  f a c t  t h a t  even  though  a  r e a d in g  l e v e l  d id  
n o t p a s s  th ro u g h  th e  i n te r - p e a k  v a l l e y ,  th e  t r a c in g  d id  p ro d u ce  a  p a t ­
t e r n  s u g g e s t iv e  o f  sudden  n a rro w in g  o f  a  p eak  o r  o f  f l a t t e n i n g  o f  a  p eak . 
B oth ty p e s  o f  p e a k s  c o u ld  q u i te  r e a s o n a b le  b e lo n g  t o  th e  f a m ily  o f  th o se  
w i th  s p l i t  p e a k s .
One o f  th e  m ost s t r i k i n g  f e a t u r e s  o f  th e  c lu s t e r i n g  p ro c e s s  
was th e  a b i l i t y  t o  p la c e  to g e th e r  th o s e  t r a c in g s  h a v in g  low , medium, o r 
h ig h  a m p litu d e .
I t  i s  p o s s ib l e  i n  g e n e r a l  t o  d e s c r ib e  th o s e  t r a c in g s  t h a t  f a l l  
i n t o  a  g iv e n  c l u s t e r .  O ften  th o s e  w ith  d eep  I-w aves f a l l  i n t o  th e  same 
c l u s t e r .  I n  o th e r  c l u s t e r s  one may f in d  th e  common f e a t u r e  t o  be  th e  
a lm o s t e q u a l  d i f f e r e n c e  betw een  th e  l e v e l  o f  th e  H p e a k  and  th e  K v a l l e y .
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The t r a c in g s  i n  a n o th e r  c l u s t e r  had H- and J-w aves t h a t  w ere o f  n e a r ly  
e q u a l  h e ig h t .
I t  i s  p o s s ib l e  t o  p l o t  e a ch  o f  th e  c e n t r o id s ,  such  a s  th o s e  
shown i n  T ab le  28 f o r  P a th  I I ,  i n  tw o -d im e n s io n a l sp a c e  b y  l e t t i n g  each  
o f  l 4  d im en sio n s  become one o f  th e  e q u a l ly  sp aced  p o in t s  on th e  a b c is s a  
o f  th e  tw o -d im e n s io n a l g ra p h . The o r d in a te  s c a l e  i s  made p r o p o r t io n a l  
t o  th e  a m p litu d e  o f  th e  o r i g i n a l  c u r v e s . The l i n e  c o n n e c tin g  th e  p l o t ­
t e d  p o in t s  f o r  a  g iv e n  c e n t r o id  i s  th e n  an  a v e ra g e  c u rv e  f o r  t h e  t r a c ­
in g s  i n  t h a t  c l u s t e r .  From th e s e  c u rv e s  i t  i s  p o s s ib l e  t o  com pare th e  
g e n e r a l  fo rm  o f  a  c u rv e  o f  one c l u s t e r  t o  th e  o t h e r s .  In  f a c t ,  one i s  
n o t l e d  f a r  a s t r a y  i f  o n ly  th e s e  a v e ra g e  c u rv e s  a r e  u s e d  a s  c l a s s i f i ­
c a t io n  c r i t e r i a .  F ig u re  4 i l l u s t r a t e s  t h e  a v e ra g e  c u rv e s  f o r  P a th  I I .
A g e n e r a l  d e s c r i p t i o n  o f  some o f  th e s e  a v e ra g e  c u rv e s  fo llo w s.- 
P a th  I ;
C lu s te r  1  -  The o u ts ta n d in g  f e a t u r e  i s  th e  g e n e r a l l y  low  a m p litu d e . 
The a m p litu d e  ra n g e  i s  s l i g h t l y  more th a n  2 u n i t s .
C lu s te r  2 -  T h is  g ro u p  i s  c h a r a c te r iz e d  b y  s l i g h t l y  more ex trem e  
p eak s  and v a l l e y s  th a n  C lu s te r  1 . The I  v a l l e y  and 
J  p e a k  a p p e a r  a s  l a t e  o r  l a t e r  i n  th e  c y c le  th a n  f o r  
any  o th e r  c l u s t e r .
C lu s te r  3 -  T h is  h as  a  d e e p e r  I  v a l l e y  th a n  C lu s te r  2 b u t  h a s  a  
J-w ave a b o u t e q u a l  i n  a m p litu d e  t o  t h a t  o f  C lu s te r  2 .
C lu s te r  4 -  The m ost o u ts ta n d in g  f e a t u r e  h e re  i s  a  s h a rp  e a r l y
J  p e a k . The I  v a l l e y  i s  a l s o  e a r l y  and o n ly  m o d e ra te ly  
d eep  ccxapared t o  C lu s te r s  3 and p .
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TABLE'28 




1 5-9 5 .7 5 .6
2 5 .1 4 .8 4 .4
3 4 .8 3 .5 3 .8
h 4 .8 2 .8 4 .4
5 5 .3 3 .5 6 .0
6 5 .9 5 .0 8 .4
T 6 .3 6 .2 8 .6
8 7 .0 7 .3 7 .6
9 7 .2 6 .8 6 .6
10 6 .7 5 .7 5 .6
11 ' 6 .2 5 .2 5 .4
12 5 .2 3 .7 5 .2
13 4 .5 3 .5 4 .6
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F ig u re  4 . Hie a v e ra g e  c u rv e s  f o r  P a th  I I
6o
C lu s te r  5 -  The c h a r a c t e r i s t i c  f e a t u r e s  o f  t h i s  g ro u p  a r e  deep 
I -  and K -w aves.
Path II;
C lu s te r  1 -  The f e a t u r e  o f  t h i s  g ro u p  a s  com pared t o  C lu s te r s  2 
and 3 i s  th e  g e n e r a l  low  a m p litu d e .
C lu s te r  2  -  Deep I -  and K-waves c h a r a c te r i z e  t h i s  g ro u p , a s  w e l l  
a s  a  s l i g h t l y  d e la y e d  J-w ave com pared t o  C lu s te r  3«
C lu s te r  3 -  An e a r l y  and f a i r l y  s h a rp  J-w ave i s  th e  o u ts ta n d in g  
f e a t u r e  o f  t h i s  g ro u p .
From th e s e  d e s c r ip t i o n s  i t  can  b e  se e n  t h a t  th e  d i f f e r e n c e s  
b e tw een  some o f  th e  c l u s t e r s  o f P a th  I  a r e  s o  s u b t l e  t h a t ,  even i f  
t h e s e  d i f f e r e n c e s  a r e  r e a l ,  i t  w ould  b e  d i f f i c u l t  t o  u se  t h i s  a s  a  
c l a s s i f i c a t i o n  c r i t e r i o n .  T h is  p ro v id e s  f u r t h e r  e v id e n c e  t h a t  th e  
c l u s t e r s  o f  P a th  I I  a r e  th e  more m ea n in g fu l and u s e f u l  ones a s  f a r  
a s  t h e s e  d a ta  a r e  co n c ern e d .
An a tte m p t t o  a s s o c i a te  wave form  w i th  o th e r  f a c t o r s  r e l a t ­
in g  t o  th e  s u b je c t  d id  n o t  p ro v e  f r u i t f u l .  The r e s u l t s  o f  some a n a ly s e s  
o f  v a r ia n c e  o f  th e  d a ta  from  th e  t r a c i n g s ,  when g ro u p in g s  w ere made a c ­
c o rd in g  t o  a g e , s e x ,  and th e  s u b je c t iv e  c l a s s e s  p r e v io u s ly  d e f in e d )  a re  
sum m arized i n  T ab le  29 . The r e s u l t s  i n d i c a t e  t h a t  age and sex  a r e  p ro b ­
a b ly  n o t  v e ry  im p o r ta n t  f a c t o r s  a s  f a r  a s  in f lu e n c e  on th e  b a l l i s t o ­
c a rd io g ra p h ic  t r a c i n g  i s  c o n c e rn e d . The r e s u l t s  o f  th e  a n a ly s i s  o f  
v a r ia n c e  b y  c l a s s  a r e  q u i te  i n  l i n e  w i th  t h e  r e s u l t s  g iv e n  e a r l i e r  con­
c e rn in g  th e  r e l a t i o n s h i p  o f c la s s  and c l u s t e r  g ro u p in g .
About h a l f  o f  th e  119 s u b je c t s  in v o lv e d  in  t h i s  i n v e s t i g a t io n  




SUMMARY OF RESULTS OF SOME AKALYSES OF VARIANCE
F a c to r
Number o f  
l e v e l s  o f  





o f  Freedom  
D enom inator
S n e d e c o r-F is h e r  
p r o b a b i l i t y  
L ess G r e a te r  
th a n  th a n
Age by- 
decad e 7 1 .4 8 6 112 . 25 .10
Sex 2 2.06 1 117 .25 .10
C la ss 3 3.81 2 U 4 .025 .0 1 .
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some t im e . By t h e  m ethod o f  P a th  I  o r  P a th  I I  i t  v a s  s e e n  t h a t  th e s e  
in d iv id u a l s  a r e  s p re a d  n e a r ly  u n ifo rm ly  o v e r  a l l  c l u s t e r s .  The same 
s i t u a t i o n  p r e v a i l s  v i t h  r e g a r d  t o  th o s e  s u b je c t s  v h o  have  e x p e r ie n c e d  
a n g in a  p e c t o r i s  a n d /o r  d e a th .
The 67 a d d i t i o n a l  t r a c in g s  o b ta in e d  on some o f  th e  I I 9 s u b je c t s  
w ere c l a s s i f i e d  b y  th e  c r i t e r i a  o f  P a th  I  and P a th  I I .  U sing  A c ( i , h ) ,  
t h e  p r o p o r t io n  o f  th e s e  f a l l i n g  i n  th e  v a r io u s  c l u s t e r s  w ere  q u i te  
s i m i l a r  t o  th e  p r o p o r t io n s  shown i n  T a b le s  21 and 22 .
Summary and Some A reas f o r  F u tu re  I n v e s t ig a t io n  
One o f  t h e  d e s i r a b l e  c h a r a c t e r i s t i c s  o f  a  c l u s t e r i n g  p ro c e s s  
w ould  b e  an  a d e q u a te  t e s t  o f  s e p a r a t i o n  o f  c l u s t e r s .  T h is  w ould a lm o s t 
s u r e l y  in v o lv e  th e  u s e  o f  th e  v a r ia n c e s  and  c o v a r ia n c e s  o f  th e  v a r i â t e s  
a s  a  p a r t  o f  th e  in fo rm a t io n  t o  b e  u s e d  i n  th e  t e s t .  As an  exam ple, a  
ra n g e  t e s t ,  such  a s  i s  a v a i l a b l e  i n  s e v e r a l  fo rm s f o r  th e  u n i v a r i a t e  
c a s e ,  t h a t  w ould  make p a ir w is e  com parison  o f  mean v e c to r s  ( c e n t r o i d s )  
p o s s ib l e  w ould  p ro v id e  much in fo r m a t io n  a b o u t th e  e f f e c t i v e n e s s  o f  th e  
c l u s t e r i n g  p r o c e s s .  U n le ss  su c h  s t a t i s t i c a l  t e s t s  a r e  a v a i l a b l e ,  th e  
u l t im a te  c r i t e r i o n  o f  th e  v a lu e  o f  th e  p ro c e d u re  w i l l  b e  th e  judgem ent 
o f  th e  u s e r  o f  th e  p r o c e s s .  Such judgem ent may c a u se  th e  s t a t i s t i c a l  
p r o c e s s  t o  b e  no  b e t t e r  th a n  s u b je c t iv e  p ro c e d u re s  a l r e a d y  i n  u s e .
The c u r r e n t  m ethod may a t  t im e s  p o s s e s s  th e  d is a d v a n ta g e  men­
t io n e d  e a r l i e r  i n  c o n n e c t io n  w i th  t h e  R ogers and  Tanim oto ( i 960 ) m ethod . 
T h a t i s ,  d ep en d in g  on th e  s t a r t i n g  p o i n t ,  some c l u s t e r s  may b e  o v e r ­
lo o k e d . An a p p ro a c h  t o  t h i s  p o t e n t i a l  p rob lem  w ould  b e  t o  b e g in  t h e  
a c c u m u la tio n  p ro c e s s  w i th  t h e  m ost p e r i p h e r a l  p o i n t  o f  th e  m ass.
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The p r im a ry  r e s u l t  o f  t h i s  i n v e s t i g a t io n  i s  t h a t  i t  h a s  b een  
d e te rm in e d  t h a t  r e l a t i v e l y  u n r e f in e d  d a ta  can  le a d  t o  a  p ro c e s s  w hereby  
i t  i s  p o s s ib l e  t o  s t a t i s t i c a l l y  c l a s s i f y  a  s u b je c t  on th e  b a s i s  o f  a  
s in g l e  c a rd ia c  c y c le  from  h i s  b a l l i s to c a r d io g r a m .  T here  i s  some i n d i ­
c a t io n  t h a t  t h e  s t a t i s t i c a l l y  d e v e lo p e d  c a te g o r ie s  do have a  d e f i n i t e  
r e l a t i o n s h i p  t o  th e  o b s e rv a b le  wave fo rm  and a  s u b je c t iv e  m ethod o f  
c l a s s i f i c a t i o n .  Though th e  p r e c i s e  m eaning o f  th e s e  c l a s s e s  and c l u s t e r s  
i s  n o t  a t  t h i s  tim e  c l e a r  i t  i s  d o u b tfu l  t h a t  th e y  a r e  w ith o u t  meaning 
o f  some k in d . They u n d o u b te d ly  r e f l e c t  t h e  p re s e n c e  o f  c e r t a i n  com­
b i n a t io n s  o f  p h y s ic a l ,  p h y s io lo g ic a l ,  a n d /o r  p a th o lo g ic a l  f a c t o r s .  
Knowledge o f  w hat th e s e  f a c t o r s  a r e  and how t o  q u a n t i f y  them  rem a in s  a  
p r imar y  p rob lem  t o  b e  s o lv e d . F u r th e r  advances w i l l  r e q u i r e  j o i n t  b i o ­
l o g i c a l  and s t a t i s t i c a l  e f f o r t s .
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